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1. The Plans for the Next Year of Support 
The specific aims for the next year of support are : (1) To 
conclude our FT-Raman studies of human brunescence 
cataracts with a publishable manuscript; (2) To study 
fluorescent lipid peroxidized products from Emory mouse 
lenses and human lenses, as well as model compounds, by the 
fluorescence-free FT-Raman method; (3) To investigate the 
nature of protein structural changes associated with H202 
reaction in isolated crystallins and intact lenses by near-IR 
FT-Raman method; (4) To compare (hence interprete) various 
fluorescence images of the same human lens excited at 
different excitation wavelengths (406.7, 457.9, 488.0, 514.5, 
568.2 and 647.1 nm); (5) To obtain UV-induced fluorescence 
distribution profiles of guinea pig lens by long-term in vivo UV 
exposure. 
2. Concise Description of the Studies Conducted during the Current 
Budget Year 
a) 	Prevention of Long-Wave UV Induced Damage to the Guinea 
Pig Lens in vivo by a UV-Blocking Contact Lens 
Previous laser Raman spectroscopic studies of the 
guinea pig lens showed accelerated -SH to disulfide conversion 
upon in vivo long-wave UV irradiation (B.C. Barron, N.-T. Yu 
and J.F.R. Kuck, Jr. Exp. Eye Res. 46, 249 (1988)). Here we 
report our evaluation of the effectiveness of a UV-blocking 
contact lens in preventing UV-induced SH oxidation and other 
associated changes in the guinea pig lens. Guinea pigs were 
exposed to long-wave UV (1.3 mW/cm 2, spectral distribution 
305-410 nm, max. intensity at 353 nm) for 24 hours per day for 
,up to 16 months. The left eyes were fitted with a UV-blocking 
contact lens (0% transmittance at wavelengths less than 355 
nm) and the right eyes were fitted with a regular contact lens. 
The SH and fluorescence profiles for each lens were examined 
at distinct points along the visual axis using laser Raman 
spectroscopy. The UV-protected and UV-exposed lenses 
differed in the following ways: (a) a gradual decrease in -SH 
was observed in the UV-exposed (right) lens versus the UV-
protected (left) lens until at 12 months of irradiation, a 20% 
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difference existed between the left and right lenses; (b) after 16 
months irradiation, opacification and intense yellowing of the 
right lens were observed while the left lens remained clear and 
colorless; (c) concomitant with lens coloration, an unidentified, 
photochemically produced fluorophor was detected in the right 
lens (ex./em. 514.5/580.4) yet the left lens exhibited no such 
fluorescence. The above data indicates that the UV-blocking 
contact lens utilized in this study provided significant 
protection from lens damage resulting from continuous, long-
wave UV exposure in vivo. In consideration of normal aging 
studies which have shown similarities between human and 
guinea pig lenses (N.-T. Yu, D.C. DeNagel, P.L. Pruett and 
J.F.R. Kuck, Jr. Pro. Natl. Acad. Sci. USA, 82, 7965 (1985)), the 
present study takes on special significance in terms of the 
potential for protection from UV-induced changes which may 
be associated with aging and cataractogenic processes in the 
human lens. 
b) 	Non-Invasive Assessment of Human Lens Aging and Cataract 
Formation by Near-Infrared FT-Raman 
Lens crystallin structural changes are closely associated 
with lens aging and cataractogenesis. Our progress toward a 
better understanding of these changes, however, has been 
hampered by the lack of a suitable non-invasive technique that 
can provide detailed molecular-level information on intact 
ocular lenses under natural physiological conditions. Near-IR 
Fourier transform (FT)-Raman spectroscopy is such a 
technique. The specific questions addressed are the 
concentration of disulfide and tryptophan and the 
conformation of the protein backbone. These parameters are of 
particular interest because of the hypothesized involvement of 
SH and tryptophan in cataractogenesis and the speculation 
that cataract formation may be initiated by a conformational 
change. 
By non-invasively examining a large number 
(statistically significant) of intact normal and cataractous 
human lenses, we have provided some definite answers to the 
above questions. For non-cataractous lenses, the conversion of 
S-H to S-S is rather slow and it becomes significant only after 
the 7th or 8th decade; in one particular case involving a 90-
year-old normal human lens, the detection of intense FT-
Raman signal from S-H moieties indicate that the sulfhydryl 
groups are capable of maintaining in their reduced state even 
at such an old age. For senile cataractous and brunescent 
lenses, no S-H Raman signals could be observed, indicating the 
elevated accumulation of disulfide. Protein conformational 
changes appear however to be minor both in old human lenses 
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and in cataractous and brunescent human lenses. A slight 
decrease of tryptophan concentration (relative to that of 
phenylalanine) is detected in the highly pigmented nuclei of 
cataractous human lenses. Finally, the non-invasive nature 
and high information content of near-infrared-excited FT-
Raman may also render it useful for clinical examinations of 
lens aging and cataract development in patients. 
(c) Near-Infrared FT-Raman in Laser Corneal Surgery: A 
Noninvasive and Fingerprinting Diagnostic Technique 
The recently developed technique of near-infrared 
Fourier transform (FT)-Raman spectroscopy has been applied 
for the first time to characterize normal / pathological human 
corneas as well as synthetic biomaterials that can be attached 
to the corneal surface for laser refractive surgery. Unlike most 
other optical diagnostic and control methods such as optical 
absorption and fluorescence, laser-excited FT-Raman is 
intrinsically a fingerprinting technique and is capable of 
providing detailed information on the structure and 
composition of normal and pathological tissues. We 
demonstrate that the near-IR-excited FT-Raman technique is 
particularly well-suited for noninvasive analysis of intact 
biomedical samples because it exhibits such attractive features 
as complete fluorescence elimination, great sampling 
flexibility, high data acquisition speed and measurement 
accuracy. High-quality FT-Raman spectra have successfully 
been obtained for the whole human cornea and the 
distinguishable layers including the epithelium layer, the 
Bowman's layer, the stroma and Descemet's membrane. The 
molecular composition was measured in 5 intact normal 
corneas as well as in the surgically separated layers. In two 
keratoconus corneas, unique Raman peaks around 550 cm -1 
 were apparent. Our initial FT-Raman study of UV-crosslinked 
collagen biomaterials for adjustable synthetic epikeratoplasty 
also yielded valuable information; for example, the FT-Raman 
measurement revealed that the collagen and water contents 
were strikingly comparable in the human cornea and in the 
UV-crosslinked (20 minutes) collagen. The detailed 
composition of the synthetic material appeared to be 
considerably different from that of the stroma but more similar 
to that of the Bowman's layer, as judged by their distinctive 
spectral features at 397, 541 and 1095 cm -1 . Such molecular 
information is important to the development of a laser corneal 
surgical procedure that may achieve widespread clinical and 
public acceptance. 
(d) Resonance Raman Detection of a Carotenoid in the Lens of the 
Deep-Sea Hatchetfish 
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A laser scanning microprobe has been used to elicit 
resonance Raman signals from sections of the lens of the deep-
sea hatchetfish, Argyropelecus affinis. The signals 
demonstrate with certainty the presence of a carotenoid and its 
distribution in the lens. The carotenoid exhibits characteristic 
resonance Raman vibrational modes at 1551 cm -1 (C=C stretch, 
v 1), 1147 cm-1 (C-C stretch with C-H bend, v 2), 2285 cm-1 (2v2 ) 
and 2681 cm-1 (v 1+v 2), upon excitation at 441.6 nm. Unlike 
glycogen in the nucleus of dove lens, the carotenoid in the A. 
affinis lens occurs at a higher concentration in the cortex, 
although its presence in the nucleus is established. A study of 
lenses of varying age shows that carotenoid incorporation is 
accelerated as the fish grows older and hence its concentration 
is highest in the cortex. Because of the extremely low 
concentration of the carotenoid in the nucleus, it was 
detectable only by the very sensitive resonance Raman 
technique. 
(e) Monitoring UV-crosslinking of Type I Collagen by Near-
Infrared FT-Raman Spectroscopy 
It is possible to polymerize type I collagen gel (Collagen 
Corp. Palo Alto, CA) under exposure to UV radiation. Potential 
applications of a photoactivating collagen gel include use as an 
adhesive for closing corneal wounds, manufacturing and 
attaching epikeratoplasty lenticules, and use as a lens 
replacement material for endocapsular surgery. Non-invasive, 
real-time and in-situ monitoring of the UV collagen 
crosslinking process is one of the critical problems facing these 
applications. 
Raman scattering characteristics of aqueous type-I 
collagen following 0, 10, and 20 minute UV crosslinking 
periods were studied. We also compared a 30-minute 
crosslinked collagen to the collagen without any UV 
irradiation. The samples were prepared in a 5"x3"x3" glass 
chamber filled with moisturized nitrogen. A Pen-Ray UV lamp 
(UVP, Inc. San Gabriel, CA) with an emission peak at 254 nm 
was used for the UV source and provided a radiant exposure of 
0.73+0.002 mW/cm2 . All FT-Raman spectra were obtained at 
4.0 cm-1 resolution using a Bruker FRA 106 FT-Raman 
spectrometer. Our results show that the Raman scattering 
intensity ratios between the spectrum peak associated with C-
H bond (at 2950 cm-1) and 0-H bond (at 3200 cm-1) are 0.33, 0.76 
and 1.20 for 0, 10 and 20 minute crosslinking time respectively, 
representing increased stability of the collagen fiber through 
the enhancement of hydrophobic bonds (C-H) due to exclusion 
of "organized water" in soluble collagen during the 
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crosslinking process. Similar spectral features between the 
collagens with and without UV crosslinking indicate the 
absence of chemical composition changes induced by the UV 
radiation. 
Our study demonstrated that near-IR FT-Raman 
spectroscopy can be used as a real time, quantitative measure 
of collagen crosslinking for ophthalmic applications. 
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